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Abstract 
Introduction: Self-drilling mini-implants are commonly used in orthodontics, but there is little 
information regarding their fracture resistance in areas of high density bone without pre-drilling.  
Purpose: To determine the peak fracture torques of six commonly used self-drilling mini-
implants, and to examine how each performs in extreme conditions without pre-drilling.  
Materials and Methods: Fifteen mini-implants from six different manufacturers were drilled 
into acrylic blocks using a custom-made insertion device incorporating a 6-DOF load cell for 
torque measurements. Peak fracture torques were recorded and compared for each of the six 
manufacturers. Additionally, ten mini-implants from each manufacturer were inserted into high 
density mandibular bone substitutes (Sawbones
®
) without pre-drilling.  Measures of peak 
insertion torque for each manufacturer were recorded. Groups that experienced fracture upon 
insertion into the bone substitutes underwent further testing specifically following their 
manufacturer pre-drilling recommendations. 
Results: Resistance to fracture varied significantly among implants from different 
manufacturers. Tomas-pin and Aarhus experienced fractures during insertion into the non-pre-
drilled bone substitutes. When manufacturer’s pre-drilling recommendations were followed, 
Aarhus continued to experience fractures during insertion. 
Conclusions: Unitek, Vector TAS, Dual Top, and Ortho Easy can be inserted into areas of thick 
and dense cortical bone without pre-drilling.  Tomas-Pin can be inserted provided manufacturer 
pre-drilling recommendations are followed. The manufacturer's recommendations for the use of 
1.5mm Aarhus in areas of thick cortical bone may need to be modified. 
 
Key words: Orthodontic, anchorage, mini-implant, miniscrew, TAD, temporary anchorage 
device, fracture, insertion torque, pre-drilling, pilot-hole, high density bone, mandibular 
bone, cortical bone thickness. 
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CHAPTER 1: INTRODUCTION 
1.1 ANCHORAGE REQUIREMENTS IN ORTHODONTICS 
Orthodontic treatment involves the application of sustained force systems to teeth, with the 
intention of inducing a biological response that results in tooth movement.
1
 Orthodontists 
accomplish this by constructing appliances that will produce certain desired tooth movements 
through precise application of forces using auxiliaries such as elastics, springs, and flexible wires 
composed of various alloys. 
Newton’s third law states that for every action, there is an equal and opposite reaction.2 
When forces are applied between groups of teeth, one can expect resultant movements of all 
groups involved to varying degrees. Since most orthodontic appliances are tooth borne, reactive 
forces generated by the appliance system can result in undesired tooth movements. Proffit 
defines the term anchorage in orthodontic applications as “resistance to unwanted tooth 
movements.”1 
Traditionally, anchorage was provided extra-orally by the use of headgears and facemasks, 
or intra-orally by acrylic pads resting on palatal tissues, and groups of teeth consolidated as a 
unit.
1
 Ideally, teeth that serve as anchorage units should remain stationary, but in reality, 
undesirable side effects result from force systems that rely on other teeth within the same or 
opposing arch for support. 
1.2 THE INTRODUCTION OF ABSOLUTE ANCHORAGE  
The potential for what could be described as “absolute anchorage”, otherwise known as 
skeletal anchorage, surfaced in the years following Brånemark’s accidental discovery during a 
2 
 
 
study in which he utilized a titanium implant chamber to examine blood flow in rabbit bone.
3
 
When the titanium chambers were removed from the rabbit, he discovered that the bone had 
integrated so closely with the implant that it could not be removed. Based on this finding, 
Brånemark was the first to coin the term "osseointegration", which he defined as the formation of 
a direct interface between an implant and bone without intervening connective tissue. Following 
his new found discovery, Brånemark was quick to see the possibilities for human use, and the 
introduction of implants as a means of replacing missing teeth shortly followed.
3
 
Linkow, in 1969, was among the first authors to advocate the use of restorative dental 
implants in conjunction with orthodontic therapy.
4
 It was proposed that the implant could be 
used as an adjunctive device that when inserted into specific intra-oral bony structures, could 
provide a form of anchorage whose purpose is to eliminate unwanted tooth movements.
4
 Since 
then, several clinicians and researchers have been influential in the advancements made using 
skeletal anchorage in orthodontics.
5-7
 The main drawback to using restorative implants for 
skeletal anchorage became quickly apparent. Since they were developed to be permanent, they 
required invasive procedures when came it time for their removal following completion of 
orthodontic treatment. 
Since the early 1980’s, various designs of small temporary implants for use in orthodontics 
were presented.
6-8
 However, it was the introduction of the first true “orthodontic mini-implant” 
(also referred to in the literature as; temporary anchorage device (TAD), miniscrew, microscrew, 
or micro-implant) with bracket head design by Costa et al., which helped to propel and 
popularize the use of mini-implants in orthodontics.
6
 Shortly thereafter, a number of published 
3 
 
 
reports began to highlight successful orthodontic treatment outcomes using this newfound form 
of temporary skeletal anchorage.
8-14
 
1.3  CLINICAL USES OF MINI-IMPLANTS  
Several authors have described the use of mini-implants to successfully achieve a variety 
of orthodontic tooth movements previously thought of as nearly impossible, such as intrusion of 
posterior teeth, molar distalization, and retraction and protraction of whole dentitions.
10, 12-14
 
Mini-implants are successful in closing extraction spaces by retraction of the anterior dentition 
without compromising posterior anchorage requirements.
15
 They can safely and reliably intrude 
over-erupted mandibular or maxillary incisors without adversely affecting the posterior dentition 
and vertical dimension.
7, 16
 In addition, they have been shown to help decrease treatment time by 
eliminating side effects of tooth movement and decreasing the dependence on patient 
compliance.
17, 18
 
More recently, due to their ability to successfully intrude teeth, mini-implants have been 
used to help reduce the need for orthognathic surgeries; particularly in patients presenting with 
vertical maxillary excess,
16
 canted occlusal planes,
18
 and anterior open bites.
11
 Mini-screws have 
been used to provide skeletal anchorage for rapid maxillary expansion without incorporating the 
associated negative effects of buccal tipping of the posterior teeth commonly caused by the 
conventional expander.
19
 
In addition to reducing the unwanted side-effects associated with conventional 
orthodontic tooth movements, mini-implants have expanded treatment possibilities and options 
available to patients. Due to their rapidly growing presence in the orthodontic field, mini-
4 
 
 
implants have become an exciting and popular part of clinical orthodontics, and are among the 
most frequently discussed topics in orthodontic literature today. 
1.4 MINI-IMPLANT RENTENTION 
Permanent restorative implants are designed specifically with manufactured pores and 
surface irregularities into which osteoblasts and supporting connective tissue can migrate for 
stability and long-term retention.
20
 Unlike their prosthodontic counterparts which rely on this 
form of osseointegration, mini-implants differ in that they are intended specifically for temporary 
use and easy removal, and are therefore designed accordingly. Mini-implants rely purely on 
mechanical retention along the implant thread-bone interface, and as such, initial stability is an 
important factor in mini-implant retentive success.
9, 21, 22
 This mechanical inter-lock with bone 
eliminates the waiting period needed for osseointegration making immediate loading possible.
9
 
Once stabilized in the bone, their polished surface prevents the fusion of bone to the implant 
surface.
23
 In many cases, removal can be accomplished without need of anaesthesia by simply 
reversing the mini-implant counter-clockwise in the opposite direction to its thread. 
1.4.1  Primary vs. Secondary Stability 
When discussing mini-implant stability and retention, it is important to define and 
understand the influence of both primary and secondary stability separately. Primary stability is 
a function of the mechanical retention between the implant threads and the bone, and expresses 
the initial stability of a recently placed implant.
20, 24, 25
 It is most often indirectly measured by the 
moment of force required to screw the implant into the bone. This force is most commonly 
referred to as “insertion torque.”25 
5 
 
 
Non invasive devices which assess and quantify the stability of dental implants through 
percussion testing and resonance frequency analysis (Periotest and Osstell®, respectively) are 
available in the marketplace. While such devices are commonly used in restorative implant 
studies,
26, 27
 they are still of limited use in the study of mini-implants since abutment designs 
facilitating the attachment of the transducers to the mini-implants are not yet available.
26, 28-30
 
A systematic review of the literature performed by Chen et al. (2009) identified primary 
stability, measured by insertion torque, as the most critical factor for the success of orthodontic 
mini-implants.
31
 If primary stability is not adequate following implantation, the implant-bone 
interface is weakened and resulting implant micro-motion can cause failure.
20, 31
 
Secondary stability is a consequence of bony remodelling at the implant-bone interface, 
and refers to the implant’s stability after the placement site has healed. It represents the 
maintenance of stability as a result of localized healing and bony remodelling, with the 
possibility of new bone formation at the interface.
25
 Secondary stability is mainly dependent on 
the host’s response to the mini-implant and is influenced by several factors.25, 32 
1.5 COMMON AREAS OF PLACEMENT 
Mini-implant stability, retention during treatment, and appropriate placement location, 
are critical to proper orthodontic appliance design.
33
 During treatment planning, the clinician 
determines the desired force systems required to act on the unit of teeth that needs movement. 
This often dictates the ideal location of mini-implant placement. Deciding on the appropriate 
placement location of a mini-implant is also critical for patient safety and mini-implant retentive 
success. Clinicians must be aware of the anatomical limitations to mini-implant insertion. 
6 
 
 
Among the important factors that should be considered when choosing mini-implant placement 
sites are soft-tissue anatomy, interradicular distance, sinus morphology, nerve and blood vessel 
locations, and bone depth.
34
 
Bone quality also plays a major role when deciding on a mini-implant placement site as it 
is among the most important factors for achieving good primary stability.
35
 It is important for a 
clinician to understand that bone density and cortical bone thickness varies throughout the oral 
cavity. It has been reported that the placement site should have a cortical bone thickness of more 
than 1.0mm in order to attain adequate primary stability for mini-implant success.
36
 The most 
common areas for mini-implant placement include the lateral aspect of the hard palate, the 
midpalate, interradicular sites in the anterior and posterior maxillary and mandibular alveolar 
bone, the lower anterior region, and the mandibular retromolar area.
34, 37
 
Cortical bone thicknesses vary tremendously throughout the maxilla and mandible. 
Anterior regions of the maxilla contain significantly higher proportions of cortical bone than the 
posterior maxilla,
38
 while the reverse is true in the mandible.
34, 37
 As a general guideline, cortical 
bone thicknesses reach approximately 1.0-2.2mm in the anterior alveolar process of the maxilla 
and hard palate.
34, 37-39
 The cortical bone becomes significantly thinner in the posterior maxilla 
and tuberosity region, often reaching thicknesses of less than 1mm.
37
 Bone density in general is 
higher in all regions of the mandible than in the maxilla.
34, 37, 39
 Cortical bone thickness is on 
average 1.0-1.5mm in the anterior interradicular sites of the mandible, increases to 1.5-2.5mm in 
the canine and premolar interradicular areas, and can reach thicknesses greater than 3.0mm in the 
mandibular molar and retromolar region.
34, 37, 39
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1.6 FAILURE RATE OF ORTHODONTIC MINI-IMPLANTS 
For orthodontic mini-implants to be successful, they must be retained in their placement 
location at least until the completion of desired tooth movements. Failure rates cited in the 
literature are highly variable, with most ranging between 10% and 30%.
40, 41
 In one of the most 
extensive reviews of published clinical trials, Crismani et al. examined the outcomes of 14 
studies involving a total of 1519 mini-implants placed in 452 patients. He concluded that the 
mean overall success rate was 83.3%, and mini-implants with diameters smaller than 1.2mm and 
lengths less than 8mm compromised the success rates even further.
41
 
1.6.1 Factors affecting mini-implant failure rates 
Primary stability has been shown to be the most critical factor for the success of 
orthodontic mini-implants.
31
 A review of the literature identifies several factors that affect the 
insertion torques reached and resulting primary stability of mini-implants. It has been well 
established that when comparing screws of varying size, an increase in mini-implant diameter 
has a very strong influence on peak insertion torques reached;
22, 42
 while implant length 
influences insertion torque to a lesser degree.
42, 43
 Numerous studies have shown that tapered 
screws reach significantly higher insertion torques, explained by the gradual increase in diameter 
on insertion.
22, 35, 42-44
 Cortical bone thickness plays a significant role in mini-implant primary 
stability since thicker layers of compact bone cause increased placement resistance.
21, 35, 45-48
 
Also well documented is the effect of implant site preparation on insertion torques reached. The 
presence of a pilot hole decreases insertion torques due to decreased bone-to-metal contact, while 
the size of the pilot hole is inversely proportional to the implant primary stability.
21, 28, 49
 
8 
 
 
Of all factors studied, it is generally agreed that the alveolar bone quality and cortical 
bone thickness are among the most important factors for achieving good primary stability. 
Regional differences in jaw anatomy and bone structure may explain some of the variation in 
clinical success rate between the maxilla and mandible.
50
 Additional factors discussed in the 
literature affecting implant primary stability include: thread design;
21, 35, 43, 51
 implant surface 
area;
52
 insertion depth;
53
 insertion angle;
53, 54
 and bone quality related to age of the patient.
55
 
It has been demonstrated that clinician experience pertaining to insertion techniques of 
mini-implants is an important factor in their success rate. Mini-implants inserted by more 
experienced clinicians (having placed more than twenty mini-implants) were found to have 
approximately a 3.6-fold higher success rate of initial stability compared with those inserted by 
less experienced clinicians.
56
 Poor oral hygiene affecting the surrounding soft tissues is another 
factor that results in higher rates of implant loss due to the introduction of bacteria and 
subsequent infection, inflammation, and peri-implantitis at the implant site.
57
 Appropriate patient 
management regarding proper care of the implant site is thus important to its success.  
1.7 COMPLICATIONS RELATED TO MINI-IMPLANTS 
The most commonly reported complications associated with mini-implant placement are 
loosening of the implant, soft-tissue impingement and irritation, aphthus ulcers, tooth sensitivity, 
infection causing pain and swelling around the implant site (peri-implantitis), fracture during 
placement or removal, and root damage.
57-59
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1.7.1 Fracture rates 
While important to initial implant stability, increased cortical bone thickness and high 
bone densities have been shown to cause fracture of mini-implants.
35, 51, 57
 There are very few 
studies reporting how often mini-implants fracture in the clinical setting. Clinical and animal 
studies have reported fracture rates approximating 4-5%.
60, 61
 In recent surveys exploring 
orthodontists’ experiences with mini-implant placement, 10-20%58, 59 of clinicians reported 
having experienced mini-implant fracture during placement, surpassing even the rate of root 
damage reported at 4-6%.
58-60
 
The amount of torque reached during implant placement reflects the resistance a mini-
implant encounters while being advanced into the bone.
35
 The torque needed to overcome this 
resistance can increase the stress along the shaft and threads and lead to fracture. Risk of fracture 
is greater if a mini-screw is placed in areas of high bone density such as the mandibular posterior 
region and mid-palate of an adult.
35
 Also, in cases where a mini-implant encounters a tooth root 
during placement, insertion torque can increase exponentially and the screws with lower fracture 
resistance may be more susceptible to fracture. 
44, 6263
 
Depending on the height at which the mini-implant fractures, removal of the fractured 
portion can be difficult if there is little or no free end with which to grip. Surgical exposure of the 
site and subsequent removal of bone around the implant using a trephine bur may be required to 
gain proper access to the fractured segment. Because mini-implants are often placed in close 
proximity to roots at interradicular sites, roots and PDL can be damaged at time of removal.
64, 65
 
Awareness of the maximum torque capacity of the mini-implant during insertion is prudent to 
reduce the potential risks and morbidity associated with this clinical procedure.    
10 
 
 
1.8 MINI-IMPLANT DESIGN 
All mini-implants present with three basic features: a threaded body which inserts 
intraosseously, a neck (or trans-mucosal collar) and a head. Various commercial mini-implant 
designs are currently available in the marketplace today. Modifications in head design, body 
shape, diameter, length, material, and thread shape have been made by several manufacturers.
64, 
66, 67
Mini-implants can be further classified as self-drilling or self-tapping based on their thread 
design and insertion method. As a general rule, mini-screw diameters fall within 1.0-2.3mm, and 
lengths range from 4mm-20mm.
67
 Currently, titanium alloy mini-implants of 1.4-1.8mm in 
diameter and 6-10mm in length, are most popular in everyday clinical orthodontics.
64
 
1.8.1  Mini-Implant Shape 
The two main mini-implant body shapes are tapered (conical) and straight (cylindrical). 
A straight mini-implant refers to one with a core of constant diameter, while a tapered mini-
implant presents with a diameter which gradually increases from tip to head. Studies have shown 
that tapered screws reach significantly higher mean insertion torques due to the gradual increase 
in diameter on insertion.
35, 44
 
 1.8.2 Thread Design: Self-Drilling Vs. Self-Tapping 
Thread designs of orthodontic mini-screws have evolved over the years. Original self-
tapping designs, otherwise known as “non-drill-free” screws, require pilot-hole preparation prior 
to insertion. Today, most manufacturers are promoting the advancement of self-drilling or “drill-
free” designs where mini-implants are placed in a one step procedure eliminating the need for 
pre-drilling. There are several advantages to using mini-implants that do not require a pilot hole.  
11 
 
 
According to a 2008 American Association of Orthodontics (AAO) survey, the majority 
of orthodontists never drill a pilot hole prior to mini-implant placement, indicating a strong 
preference for the self-drilling design due to its versatility and ease of placement.
18
 It has been 
shown by various clinical and histological studies that pre-drilling prior to implant placement is a 
significant factor in failures associated with insertion procedures.
68, 69
 The drill-free method 
results in higher insertion torques than the pre-drilling method which can lead to greater primary 
stability and success rates as a result of increased bone-to-implant contact ratio.
68-70
 
An important element affecting mini-implant secondary stability is the amount of 
mechanical damage induced to the tissues upon mini-implant placement, and its effect on 
satisfactory healing of the site.
32
  The self-drilling technique is thought to cause less damage by 
eliminating overheating of surrounding bone during the self-drilling process. Histologic studies 
have shown that bone healing around the mini-implant is enhanced with drill-free placement 
techniques thus increasing host response and mini-implant secondary stability.
68, 69, 71
 Because 
the self-drilling design obviates the need for pre-drilling with a motorized hand-piece, it also 
significantly reduces root damage risks due to better tactile feedback during manual insertion.
65
 
Even though the self-drilling insertion technique has many advantages, some authors and 
manufacturers claim that even with self-drilling mini-implants, there might be a benefit to pre-
drilling under certain circumstances.
64, 68
 The drawback to drill-free placement is the 
significantly increased placement torque on insertion, particularly in areas of thick cortical bone, 
and consequently increased fracture risk during insertion.
68, 69, 71
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1.9 STUDY RATIONAL 
The wide range of reported mini-implant failure rates indicates the need for further 
research to study and understand the various factors associated with mini-implant failures. 
Because commercially available mini-implants present in such varied shapes, designs, and 
dimensions, knowledge of their mechanical performance can provide the operator with better 
clinical guidelines to lessen the risk of failure.   
Studies which have investigated mini-implant primary stability and fracture resistance 
have shown high variability among manufacturers.
22, 44, 51, 64, 67, 70, 72
 Because there is such 
variability, it is important for clinicians to know the fracture resistance of their preferred mini-
implant. Many designs commonly used in private practice today have never been analyzed by 
independent researchers to establish peak fracture torques, and there are few studies which 
describe insertion performance of self-drilling mini-implants in areas of thick and dense cortical 
bone.
42, 51, 62, 72
 If insertion torques are excessive and over the range the mini-implant can 
withstand, fractures will occur. Knowing and avoiding the maximum torque capacity of a mini-
implant during insertion is critical to reducing the risks associated with mini-implant fracture, 
and decreasing the apprehension felt by both the patient and clinician. 
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1.10 OBJECTIVES AND HYPOTHESIS 
 The purpose of this in-vitro study is comprised of three parts: 
1) To determine the peak fracture torque values of commonly used self-drilling mini-
implants. 
2) To evaluate how commonly used self-drilling mini-implants perform without pre-drilling, 
by determining the insertion torques reached upon insertion into synthetic bone designed 
to simulate high density mandibular bone. 
3) To verify the individual manufacturers’ pre-drilling recommendations for insertion into 
high density bone. 
In essence, this is a self-drilling mini-implant “safety study” analyzing how various 
manufacturers perform in a simulated extreme clinical situation. 
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 CHAPTER 2: AN IN-VITRO STUDY DETERMINING THE PEAK FRACTURE 
TORQUES OF COMMONLY USED SELF-DRILLING MINI-IMPLANTS 
2.1 INTRODUCTION 
The use of mini-implants (also known as temporary anchorage devices (TADs), 
miniscrews, microscrews, and micro-implants) has become a valuable and prevalent part of 
orthodontic treatment. They are an adjunctive device that can be inserted into specific intra-oral 
bony structures, to provide a form of anchorage whose purpose is to prevent unwanted tooth 
movements. Mini-implants have expanded treatment possibilities by decreasing dependence on 
patient compliance, reducing unwanted tooth movements, and introducing previously 
unattainable tooth movements such as molar intrusion and distalization.
1-4
 Due to their rapidly 
growing presence in the orthodontic field, mini-implants have become a routine part of everyday 
clinical orthodontics for many practitioners, and are amongst the most frequently discussed 
topics in orthodontic literature today. 
As the use of mini-implants becomes more popular, there has been a heightened focus in 
research on factors that contribute to their success. Failure rates are reported in the literature to 
range from 6% to as high as 30%.
5
 Reported complications associated with mini-implants 
include: loosening, infection, pain and swelling around the implant site (peri-implantitis), soft-
tissue irritation, injury to roots of teeth in close proximity, and fracture during placement or 
removal.
6-8
 The wide range of reported mini-implant failure rates suggest the need for further 
research to study and help understand the various factors associated with mini-implant failures. 
Fracture of a mini-implant is correlated with high torque values generated upon insertion 
or removal of a mini-implant.
9-11
 Increased cortical bone thickness, and decreased implant 
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diameter have been shown to increase the risk of fracture of mini-implants.
12-16
 There are very 
few studies reporting how often mini-implants fracture in the clinical setting. Clinical and animal 
studies have reported fracture rates approximating 4-5%.
17, 18
 In recent surveys exploring 
orthodontists’ experiences with mini-implant placement, 10-20%6, 8 of clinicians reported having 
experienced mini-implant fracture during placement, surpassing even the rate of root damage 
reported at 4-6%.
6, 8, 17
  
Thread designs of orthodontic mini-screws have evolved over the years. Where original 
mini-implant designs allowed for self-tapping placement in a pre-drilled pilot hole, more 
recently, manufacturers are promoting the advancement of self-drilling mini-implants where 
placement is carried out in a one step procedure obviating the need for pre-drilling. The 
drawback to drill-free placement is the significantly increased placement torque, and 
consequently increased fracture risk on insertion due to more intimate metal-to-bone contact, 
particularly in areas of thick cortical bone.
19, 20
 
Fracture testing has shown high variability between manufacturers. When Wilmes et al.  
compared 10 manufacturers, maximum torque values ranged from 10.9Ncm to 64.1Ncm.
11
 
Similarly in 2011, Whang et al. demonstrated fracture torque values ranging between 6.5Ncm 
and 30.9Ncm depending on the manufacturer tested.
10
 Because there is such variability between 
manufacturers, and fracture torques can fall within the range of clinical placement torques,
21
 it is 
important for clinicians to know the fracture resistance of their preferred mini-implant. Knowing 
and avoiding the maximum torque capacity of a mini-implant during insertion is critical to 
reducing the risks associated with mini-implant fracture, and decreasing the apprehension felt by 
both the patient and clinician.    
22 
 
 
Therefore, the aim of this in-vitro investigation was to determine and compare the peak 
fracture torque values of six commonly used self-drilling mini-implants using a standardized 
measurement system. 
2.2 MATERIALS AND METHODS: 
A total of ninety (N=15 per group) self-drilling orthodontic mini-implants from six 
international manufacturers (Aarhus
a
, Dual-Top
b
, OrthoEasy
c
, Tomas-pin
d
, Unitek
e
, and 
VectorTAS
f
) (Figure 2.1 and Table 2.1) were investigated.  The characteristics of each group are 
summarized in Table 2.1. An attempt was made to compare mini-implants of similar diameters 
but due to differing manufacturer designs, diameters between groups ranged from 1.4-1.8mm. 
Final sizes were ultimately selected to represent the most commonly utilized mini-implant from 
each company.  
A custom-made device for manual insertion of the mini-implants, along with a torque 
sensor is depicted in Figures 2.2 and 2.3. The head of the mini-implant being tested was engaged 
by its specific driver adaptor provided by the manufacturer. The opposite end of the driver was 
                                                 
a
Medicon, Tuttlingen, Germany.Distributed by American Ortho 1714 Cambridge Ave., Sheboygan, WI 53082 
USA.www.americanortho.com 
b
Jeil Medical corporation, #702, Kolon Science Valley 2
nd
,  911Kuro-Dong 822, Kuro-ku, Seoul Korea. 
www.jeilmed.co.kr. Distributed by RMO Inc., 650 West Colfax Avenue, Denver, CO 80204 www.rmortho.com. 
c
Forestadent, Pforzheim, Germany.SNF Forestadent.Division of Swiss NF Metals, Inc. Distributed by Forestadent 
Canada 461 Alden Rd Unit 26-27 Markham,Ont L3R 3L4. www.forestadent.com 
d
Dentaurum, Turnstrasse 31, 75228 Ispringen, Germany; www.dentaurum.com Distributed by: DENTAURUM 
CANADA 600-525, boul. Ford Châteauguay, QC, Canada J6J 4Z2 
e
 3M Unitek - Orthodontic Products. 2724 S. Peck Road, Monrovia, CA 91016; www.3M.com 
f
 Ormco,1332 S Lone Hill Ave. Glendora, CA 91740. www.ormco.com.  
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modified to adapt to a custom-built chuck attached to a universal driver handle. The device 
incorporated a stabilizing bar which was specifically designed to support the driver shaft and 
prevent oblique forces during manual screw placement. This allowed the mini-implants to be 
inserted vertically without introducing off-axis loading along the length of the mini-implants. 
 
 
 
  
 
Figure 2.1 Mini-implants used in this study. From left to right: Unitek, Aarhus, OrthoEasy, 
Dual-Top, VectorTAS, Tomas-pin. 
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Type Distributor Diameter Length Alloy Shape 
Unitek 3M Unitek 1.8 mm 8 mm Ti-6Al-4V Tapered (4mm) 
Aarhus American 
Orthodontics 
1.5 mm 8 mm Ti-6Al-4V Cylindrical 
OrthoEasy Forestadent 1.7 mm 8 mm Ti-6Al-4V Cylindrical 
Dual-Top Rocky Mt. 
Orthodontics 
1.6 mm 8 mm Ti-6Al-4V Cylindrical 
VectorTas Ormco 1.4 mm 8 mm Ti-6Al-4V Cylindrical 
Tomas-pin Dentaurum 1.6 mm 8 mm Ti-6Al-4V Cylindrical 
 
Table 2.1  Description of mini-implants used in this study 
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Figure 2.2 Experimental apparatus used for fracture testing. 
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Figure 2.3 Close-up photograph of the chuck, aluminum fixture, and torque sensor. 
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Figure 2.4 Close-up of the OrthoEasy mini-implant, prior to insertion, engaged by its 
manufacturer supplied driver adaptor.  Also evident are fractured mini-implants 
embedded in the pre-drilled Plexiglas block.  
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Figure 2.5 Computer monitor depicting the software program (InstronWaveMatrix Software 
- Instron

, Norwood, MA, USA) used for collection of the data sent from the 
torque sensor. Compression loads required during placement is shown on the left 
half of the screen, increasing torque is shown on the right.  
 
The mini-implants were inserted into an acrylic glass material which was chosen due to 
its high homogeneity and sufficient resistance to cause the mini-implants to fracture. A total of 
six rectangular acrylic blocks (2cm by 4cm by 17cm) were cut and prepared. Pre-drilling was 
performed perpendicular to the surface of the acrylic block using a precision drilling machine. 
Pilot holes of 0.5mm diameter and 3mm depth were drilled along the length of the block with 
29 
 
 
10mm hole spacing, in accordance with the requirements of the American Society for Testing 
and Materials (ASTM) standards.
22
 An aluminum fixture was designed to securely centre the 
acrylic block onto a multi-axis load cell
g
 for torque measurements (Figure 2.2, 2.3). The load cell 
and associated software program
h
 allowed simultaneous torque and compression measurements 
during mini-implant insertion (Figure 2.5).  
Mini-implants were manually inserted by a single operator (A.S) in a clockwise direction 
into the pre-drilled acrylic material (Figure 2.4), at a rate of approximately 20-30 RPM with a 
minimum compressive load capable of inducing self-drilling and screw thread engagement. The 
corresponding peak torque value reached at time of fracture was recorded in Ncm. The torque 
measurement device was calibrated prior to each new group tested.  
2.3 STATISTICAL ANALYSIS 
Descriptive statistics including mean value, standard deviation, and ranges were 
calculated for the six groups using the Statistical Package for Social Sciences (SPSS v.13.0)
i
. 
With significance level pre-determined at P<0.05, a one way analysis of variance (ANOVA) 
followed by post hoc Tukey’s test was used to detect significant differences between 
manufacturers.   
Spearman’s correlation coefficient was used to evaluate the relationship between implant 
diameter and fracture torque.  
                                                 
g
AMTI six degrees of freedom load cell - Advanced Mechanical Technology Inc., Watertown, MA, USA 
h
InstronWaveMatrix Software - Instron

, Norwood, MA, USA 
i
SPSS inc., Chicago, IL, USA 
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2.4 RESULTS  
The torque changes over time, recorded from the start of mini-implant insertion till 
fracture, are depicted in Figure 2.6. For all mini-implants tested, a significant torque increase 
occurred as insertion of the mini-implant progressed from start of placement until the mini-
implant reached its maximum torsional load and fractured.  
Peak fracture torques varied significantly among implants from different manufacturers. 
Descriptive statistics are summarized in Table 2.2. Among the six groups tested, the Unitek 
mini-implant had the highest mean torque value (72.07Ncm ± 2.7) followed by the Tomas-pin 
(36.12Ncm ± 3.89), Dual-Top (31.89Ncm ± 2.27), VectorTAS (30.79Ncm ± 0.69), OrthoEasy 
(27.55Ncm ± 1.02), and Aarhus (25.08Ncm ± 0.51) mini-implants (Figure 2.7). ANOVA 
statistical analysis followed by a post Hoc Tukey’s test revealed significant differences (p<0.05) 
in the peak fracture torques among all groups tested except between Dual-Top and VectorTAS 
(P= 0.744). Tomas-pin showed the greatest range in fracture torques (29.07 – 41.13Ncm (SD 
3.89)); while the Aarhus and VectorTAS were the most consistent (24.2 - 25.71Ncm (SD 0.51), 
and 29.42 - 31.82Ncm (SD 0.69), respectively). 
Spearman’s correlation coefficient was used to evaluate the relationship between implant 
diameter and fracture torque. When all six mini-implant groups were included, a weak 
correlation was found to exist between mini-implant diameter and peak fracture torque (R= 0.450 
(P< 0.01)) (Figure 2.8). However, when only cylindrical mini-implants were analyzed (thereby 
removing the tapered Unitek mini-implant outlier from the equation) no correlation (R= 0.035 
(p> 0.05)) was found between fracture torque and mini-implant diameter (Figure 2.9).  
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Figure 2.6 Time-insertion torque graph 
The torque changes recorded until fracture of an Aarhus mini-implant is depicted.  
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 Unitek Aarhus OrthoEasy Dual-Top* VectorTAS* Tomas-pin 
N= 15 15 15 15 15 15 
Mean 72.07 25.08 27.55 31.89 30.79 36.12 
SD 2.70 0.51 1.02 2.27 0.69 3.89 
Range 68.75 - 78.07 24.2 - 25.71 26.45 - 29.60 29.39 - 37.06 29.42 - 31.82 29.07 - 41.13 
 
 
Table 2.2 Descriptive analysis of the peak torque values at fracture (Ncm) on insertion into 
acrylic blocks.  
(*) Represents non-significance; found only between Dual-Top and VectorTAS 
(P=0.744). 
 
 
 
 
 
Figure 2.7 Bar graphs of the fracture torque values depending on the mini-implant 
manufacturer.  
 (*) Represents non-significance; found only between Dual-Top and VectorTAS 
(P=0.744). 
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Figure 2.8 Correlation graph of fracture torque to mini-implant diameter when all mini-
implants are evaluated. 
 
 
Figure 2.9 Correlation graph of fracture torque to mini-implant diameter when only 
cylindrical mini-implants are evaluated.  
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2.5 DISCUSSION 
Since commercially available mini-implants present in such varied shapes, designs, and 
dimensions, knowledge of their mechanical performances can improve clinical guidelines and 
reduce the risk of failure. Knowing and avoiding the maximum torque capacity of various mini-
implants during insertion is critical to reduce morbidity and decrease apprehension felt by both 
patient and clinician. In this in-vitro study, fracture moments for commonly used mini-implants 
were identified.  
Various insertion mediums were tested in the pilot experiment. These included; 10mm 
thick, short-fibre-filled epoxy sheets as an alternative test medium to cortical bone (Sawbones; 
Pacific Research Laboratories, Vachon, Washington, USA.), heat-cured acrylic blocks, and an 
acrylic glass material. Cadaver and animal bone were not considered due to the difficulties in 
obtaining homogeneous samples that would ensure standardized and reproducible testing. A 
range of pilot hole depths and diameters in each medium was evaluated for each manufacturer 
prior to conducting the main study. Even in the absence of pre-drilling, neither the synthetic 
cortical bone, nor the heat-cured acrylic blocks were sufficiently resistant to fracture all mini-
implant types tested. The acrylic glass material with pilot hole depths of 0.5mm diameter and 
3mm was ultimately selected as it ensured sufficient insertion of all mini-implant types past their 
tapered tip and into the thickest portion of their cylindrical body where full thread engagement 
was established prior to fracture (Figure 2.10). This material also provided adequate stiffness to 
cause fracture of all mini-implants tested, while its homogeneity allowed for reproducibility and 
comparability between measurements.  
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Figure 2-10 Fracture position of the mini-implants.  
Upper row from left to right: Unitek, Aarhus, OrthoEasy. Lower row, from left to 
right: Dual-Top, VectorTAS, Tomas-pin.  All fractured within the threaded 
portion of the mini-implant body. 
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The present study shows that resistance to fracture varied significantly among implants 
from different manufacturers. The mean values obtained ranged from 25.08Ncm (Aarhus) to 
72.07Ncm (Unitek). Comparison of the six manufacturers tested revealed significant differences 
in peak fracture torques amongst all groups tested except between Dual-Top (31.89Ncm) and 
VectorTAS (30.79Ncm). Aarhus, Dual-Top, OrthoEasy, Tomas-pin, and Vector TAS are among 
the mini-implants studied previously for fracture torques, and the results observed were similar 
to those found within this study.
10, 11, 23
 (Table 4.1 in chapter 4 provides a detailed comparison 
with other study findings.) Despite the variation among groups, all mini-implants evaluated were 
found to be suitable for clinical use as their fracture torques exceeded the 20Ncm limit 
recommended by mini-implant manufacturers.
24-26
 
While some studies have shown a strong relationship between implant diameter and peak 
fracture torque
11, 12, 14, 16, 23
 others were unable to demonstrate a correlation.
10, 27
 It has been well 
established that when comparing screws composed of an identical shape and alloy, diameter will 
show a very strong influence on peak torque reached at fracture.
12
 When comparing different 
manufacturers however, factors such as material composition, implant shape, thread design, heat 
treatment, and machining process have the potential to contribute to fracture resistance.
10, 23, 28
 
Currently, mini-implants are available in a variety of sophisticated head designs, body 
shapes, sizes, material compositions, and thread designs, all of which offer multiple options 
when deciding on the system best suited for a clinician or specific application.
10, 29
 The two main 
mini-implant body shapes are tapered (conical) and straight (cylindrical). A straight mini-implant 
refers to one with a core of constant diameter, while a tapered mini-implants presents with a 
diameter which gradually increases from tip to head. Numerous studies have shown that tapered 
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screws reach significantly higher mean fracture torques 
23, 30
 explained by the gradual increase in 
diameter on insertion. This may partly explain why the tapered Unitek mini-implant showed a 
significantly higher mean torque value at fracture when compared to the five cylindrical implants 
studied.  
When diameter was correlated with fracture torque values using the Spearman correlation 
test, absence of a relationship between maximum torque and diameter between the cylindrical 
shaped Aarhus, Tomas-pin, VectroTAS, Dual-Top, and OrthoEasy was observed (R=0.035). 
When the tapered Unitek was included in the analysis, a weak association was observed 
(R=0.450). Since the shape of a mini-implant has been shown to greatly influence fracture 
torques obtained,
23, 30
 Unitek can be considered an outlier due to its differing shape. As such 
mini-implant diameter may be less important than mini-implant manufacturer when predicting 
fracture risk of cylindrical shaped mini-implants. However, further research is required to 
confirm this finding. 
Although all mini-implants tested in this study indicate they are composed of surgical 
grade 5 titanium alloy (Ti-6Al-4V), material differences among these can be as a result of slight 
variations in composition, heat treatment, or the machining process during fabrication.
28
 The 
values for Tomas-pin showed the greatest variance in fracture torques (36.12Ncm ± 3.89) 
suggesting that the composition of the titanium alloy among the mini-implants tested may not 
have been as homogeneous as that of Aarhus (25.08Ncm ± 0.51) and VectorTAS (30.79Ncm ± 
0.69). 
A study by Wilmes et al., demonstrated that while most mini-implants exhibited failures 
occurring at the level of the acrylic block, Tomas-pin and Dual-Top screws experienced fractures 
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occurring in the region of the neck and driver interface (respectively). They concluded that mini-
implant and driver shaft design may play a role in the various fracture patterns found.
11
 The 
present study resulted in similar findings to those of Whang et al., 
10
 where all mini-implants 
consistently fractured within the threaded portion of the cylindrical body, at or within 1mm from 
the level of the acrylic block, indicating that this is the region experiencing the highest 
concentration of internal stress during insertion (Figure 2.11). 
According to a clinical study by Motoyoshi et al. (2006) mini-implants with a diameter of 
1.6 and length of 8mm sustained a placement torque between 7.2 and 13.5Ncm, depending on 
the location of the implant.
21
 It is important to note however that his conclusions were based on 
torques reached when using self-tapping mini-implants that required pre-drilling prior to 
insertion. 
Song et al. studied insertion torques of various self-drilling mini-implant designs on 
insertion into synthetic bone blocks designed to replicate human mandibular bone with varying 
cortical bone thickness.
31
 Their study demonstrated that in 2mm cortical bone, insertion torques 
of 1.6mm diameter implants ranged from 20-40Ncm. Similar insertion torques reaching 40Ncm 
were also reported by Lim et al. when self-drilling mini-implants of 1.5mm diameter were 
inserted into artificial bone composed of 2mm thick cortical bone.
14
 Because fracture torques 
observed in the present study fall within this range, caution should be taken when inserting into 
cortical bone measuring more than 2mm.  
  
 
 
Unitek      Aarhus     OrthoEasy 
 
Dual-Top     VectorTAS     Tomas-pin 
 
Figure 2.11 Photographs showing the level of mini-implant fracture. All failed at the level of the acrylic block, leaving up to 
1mm mini-implant exposed. 
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Insertion torque is proportional to the area of contact of the mini-implant with the bone, 
and is thus mainly dependent on various mechanical characteristics such as the density and 
quality of bone, the thickness of the cortical bone, the design of the implant used, and the 
insertion technique employed.
9, 9, 16, 19, 32
 Excessively high insertion torques can be reached upon 
placement into areas of high bone density such as the mandibular posterior region or mid-palate 
of an adult.
30
 For self-drilling mini-implant designs demonstrating lower fracture torques during 
insertion into high density bone, the use of torque limiting drivers and gauges, and/or pre-drilling 
pilot holes may be beneficial. Evaluating how the presently studied self-drilling mini-implants 
perform upon placement in areas of high bone density will be further examined in the second 
part of this study.  
2.6 CONCLUSION  
Because peak fracture torques vary significantly between implants from different 
manufacturers, it is important for clinicians to be aware of their chosen mini-implants’ maximum 
torque load capacity prior to use in the clinical setting. Significant differences were found for 
peak fracture torque values between manufacturers. Among the six groups tested, the Unitek 
mini-implant had the highest mean torque value (72.07Ncm ± 2.7) followed by the Tomas-pin 
(36.12Ncm ± 3.89), Dual-Top (31.89Ncm ± 2.27), VectorTAS (30.79Ncm ± 0.69), OrthoEasy 
(27.55Ncm ± 1.02), and Aarhus (25.08Ncm ± 0.51) mini-implants. Despite the variation between 
groups, all mini-implants evaluated were found to be suitable for clinical use as their fracture 
torques exceeded the 20Ncm limit recommended by mini-implant manufacturers. Based on the 
results of this in-vitro study implant diameter only weakly contributes to fracture resistance. 
Other factors inherent to each implant manufacturer, such as material composition and implant 
design may also play an important role in influencing fracture resistance.  
41 
 
 
2.7  REFERENCES 
1. Kravitz ND, Kusnoto B, Tsay TP, Hohlt WF. The use of temporary anchorage devices for 
molar intrusion. J Am Dent Assoc 2007 Jan;138(1):56-64. 
2. Park HS, Lee SK, Kwon OW. Group distal movement of teeth using microscrew implant 
anchorage. Angle Orthod 2005 Jul;75(4):602-9. 
3. Park YC, Lee SY, Kim DH, Jee SH. Intrusion of posterior teeth using mini-screw implants. 
Am J Orthod Dentofacial Orthop 2003 Jun;123(6):690-4. 
4. Sugawara J, Daimaruya T, Umemori M, Nagasaka H, Takahashi I, Kawamura H, Mitani H. 
Distal movement of mandibular molars in adult patients with the skeletal anchorage system. 
Am J Orthod Dentofacial Orthop 2004 Feb;125(2):130-8. 
5. Schatzle M, Mannchen R, Zwahlen M, Lang NP. Survival and failure rates of orthodontic 
temporary anchorage devices: A systematic review. Clin Oral Implants Res 2009 
Dec;20(12):1351-9. 
6. Hyde JD, King GJ, Greenlee GM, Spiekerman C, Huang GJ. Survey of orthodontists' attitudes 
and experiences regarding miniscrew implants. J Clin Orthod 2010 Aug;44(8):481-6. 
7. Nanda R, Kapila S. Current therapy in orthodontics. 1st ed. St. Louis, Mo.: Mosby Elsevier; 
2010. 019: OCN269433013; [edited by] Ravindra Nanda, Sunil Kapila.; :ill. (chiefly col.) ;;29 
cm; Includes bibliographical references and index. 
8. Meeran NA, Venkatesh KG, Jaseema Parveen MF. Current trends in miniscrew utilization 
among indian orthodontists. 2012;1(2):45-50. 
9. Suzuki EY, Suzuki B. Placement and removal torque values of orthodontic miniscrew 
implants. Am J Orthod Dentofacial Orthop 2011 May;139(5):669-78. 
10. Whang CZ, Bister D, Sherriff M. An in vitro investigation of peak insertion torque values of 
six commercially available mini-implants. Eur J Orthod 2011 Dec;33(6):660-6. 
11. Wilmes B, Panayotidis A, Drescher D. Fracture resistance of orthodontic mini-implants: A 
biomechanical in vitro study. Eur J Orthod 2011 Feb 10. 
12. Barros SE, Janson G, Chiqueto K, Garib DG, Janson M. Effect of mini-implant diameter on 
fracture risk and self-drilling efficacy. Am J Orthod Dentofacial Orthop 2011 
Oct;140(4):e181-92. 
13. Chen Y, Kyung HM, Gao L, Yu WJ, Bae EJ, Kim SM. Mechanical properties of self-drilling 
orthodontic micro-implants with different diameters. Angle Orthod 2010 Sep;80(5):821-7. 
42 
 
 
14. Lim SA, Cha JY, Hwang CJ. Insertion torque of orthodontic miniscrews according to 
changes in shape, diameter and length. Angle Orthod 2008 Mar;78(2):234-40. 
15. Motoyoshi M, Inaba M, Ono A, Ueno S, Shimizu N. The effect of cortical bone thickness on 
the stability of orthodontic mini-implants and on the stress distribution in surrounding bone. 
Int J Oral Maxillofac Surg 2009 Jan;38(1):13-8. 
16. Wilmes B, Drescher D. Impact of bone quality, implant type, and implantation site 
preparation on insertion torques of mini-implants used for orthodontic anchorage. Int J Oral 
Maxillofac Surg 2011 Jul;40(7):697-703. 
17. Buchter A, Wiechmann D, Koerdt S, Wiesmann HP, Piffko J, Meyer U. Load-related implant 
reaction of mini-implants used for orthodontic anchorage. Clin Oral Implants Res 2005 
Aug;16(4):473-9. 
18. Park HS, Kwon TG, Sung JH. Nonextraction treatment with microscrew implants. Angle 
Orthod 2004 Aug;74(4):539-49. 
19. Turkoz C, Atac MS, Tuncer C, Balos Tuncer B, Kaan E. The effect of drill-free and drilling 
methods on the stability of mini-implants under early orthodontic loading in adolescent 
patients. Eur J Orthod 2011 Oct;33(5):533-6. 
20. Kim JW, Ahn SJ, Chang YI. Histomorphometric and mechanical analyses of the drill-free 
screw as orthodontic anchorage. Am J Orthod Dentofacial Orthop 2005 Aug;128(2):190-4. 
21. Motoyoshi M, Hirabayashi M, Uemura M, Shimizu N. Recommended placement torque 
when tightening an orthodontic mini-implant. Clin Oral Implants Res 2006 Feb;17(1):109-14. 
22. American Society for Testing and Materials. ASTM standard F543-07e1 standard 
specification and test methods for metallic medical bone screws. 2009:1-20. 
23. Jolley TH, Chung CH. Peak torque values at fracture of orthodontic miniscrews. J Clin 
Orthod 2007 Jun;41(6):326-8. 
24. OrthoEasy Pin System - Instruction Manual. Forestadent USA, www.forestadent.com. :6-7. 
25. Rocky Mountain Orthodontics - Orthonia Brochure, www.rmortho.com. :1-2. 
26. The Tomas Insertion Manual - Dentaurum, www.dentaurum.de. :21-4. 
27. Mattos CT, Ruellas AC, Sant'anna EF. Effect of autoclaving on the fracture torque of mini-
implants used for orthodontic anchorage. J Orthod 2011 Mar;38(1):15-20. 
43 
 
 
28. Iijima M, Muguruma T, Brantley WA, Okayama M, Yuasa T, Mizoguchi I. Torsional 
properties and microstructures of miniscrew implants. Am J Orthod Dentofacial Orthop 2008 
Sep;134(3):333.e1,6; discussion 333-4. 
29. Lima GM, Soares MS, Penha SS, Romano MM. Comparison of the fracture torque of 
different brazilian mini-implants. Braz Oral Res 2011 Mar-Apr;25(2):116-21. 
30. Wilmes B, Rademacher C, Olthoff G, Drescher D. Parameters affecting primary stability of 
orthodontic mini-implants. J Orofac Orthop 2006 May;67(3):162-74. 
31. Song YY, Cha JY, Hwang CJ. Mechanical characteristics of various orthodontic mini-screws 
in relation to artificial cortical bone thickness. Angle Orthod 2007 Nov;77(6):979-85. 
32. Uemura M, Motoyoshi M, Yano S, Sakaguchi M, Igarashi Y, Shimizu N. Orthodontic mini-
implant stability and the ratio of pilot hole implant diameter. Eur J Orthod 2012 Feb;34(1):52-
6. 
 
 
 
 
 
 
 
 
 
 
44 
 
 
CHAPTER 3: EVALUATING THE PEAK INSERTION TORQUES REACHED BY 
COMMONLY USED SELF-DRILLING MINI-IMPLANTS ON INSERTION INTO 
SYNTHETIC HIGH DENSITY BONE WITHOUT PRE-DRILLING 
3.1 INTRODUCTION  
In addition to the multiple benefits of skeletal anchorage, mini-implants today have 
gained popularity due to their minimal invasiveness, absence of surgical complexity, and ease of 
chair-side placement during routine orthodontic appointments.
1
 Thread designs of orthodontic 
mini-screws have evolved over the years. Where original mini-implant designs allowed for self-
tapping placement in a pre-drilled pilot hole; more recently, manufacturers are promoting the 
advancement of self-drilling designs where mini-implants are placed in a one step procedure, 
obviating the need for pre-drilling. According to a 2008 American Association of Orthodontics 
(AAO) survey, there is a strong preference amongst North American orthodontists to use self-
drilling mini-implants; and the majority of orthodontists never drill a pilot hole prior to mini-
implant placement.
2
 
There are several advantages to using mini-implants that do not require drilling a pilot 
hole. Self-drilling mini-implants provide the benefit of a more simple surgical procedure thus 
decreasing steps and operating time required for placement. Because the self-drilling design 
eliminates the need for pre-drilling with a motorized hand-piece, it significantly reduces risks of 
root damage because of better tactile feedback during manual insertion.
3
 The damage induced by 
mechanical pre-drilling (increased bony damage and overheating of the bone) is eliminated in the 
self-drilling technique, potentially increasing mini-implant success rates.
4-6
 When comparing 
removal torques for self-drilling and pre-drilling designs, studies indicate that the strength of 
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osseointegration at the end of the treatment period is significantly lower for self-drilling mini-
implants, allowing for safer and easier removal of the implant upon completion of treatment.
7
 
Self-drilling mini-implants have been shown to provide superior primary stability due to 
more intimate metal-to-bone contact.
5-7
 Primary stability of a mini-implant is a function of the 
mechanical retention of the implant’s threaded body to the bone, and expresses the initial 
stability of a recently placed implant.
8-10
 It is an important factor in a mini-implant’s retentive 
success and is often measured by the amount of torque attained during implant placement (i.e., 
insertion torque).
10
 
While important to initial implant stability, a significant rise in torque during insertion 
can increase the stress along the mini-implant shaft and threads enough to lead to fracture.
11-13
 
The insertion torque reached is proportional to the degree of bony compression during placement 
and is affected by presence or absence of a pilot hole, bone density, and cortical bone thickness.
5, 
7, 14, 14-18
 When using drill-free mini-implants in areas of high density bone such as the 
mandibular posterior region and mid-palate of an adult, insertion torques may approach mini-
implant fracture torques.
6, 7, 13
 There are very few studies reporting how often mini-implants 
fracture in the clinical setting. In recent surveys exploring orthodontists’ experiences with mini-
implant placement, roughly 10-20% 
19, 20
 of clinicians reported having experienced mini-implant 
fracture during placement, surpassing even the rate of root damage reported at 4-6%.
19-21
 For this 
reason, various authors claim that even with self-drilling mini-implants, there might be a benefit 
to pre-drilling under certain circumstances to decrease the torques and the chance of mini-
implant fractures.
6, 22
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In addition to being extremely sensitive to insertion method, changes in bone density, and 
cortical bone thickness; mini-screw insertion torque is also highly influenced by manufacture 
variations in mini-implant shape, diameter, thread design, and cutting efficiency. An abundance 
of studies are available in the literature which have demonstrated that mini-implant insertion 
torques vary significantly depending on the manufacturer tested.
11, 13, 15, 23-25
 Previous research 
has demonstrated that there is also great variability in fracture resistance of mini-implants 
depending on the manufacturer used.
22, 26-28
 With such inconsistency between insertion torques 
and fracture torques, the fear is that insertion torques may unexpectedly exceed the torsional 
limits that the mini-implant can withstand, resulting in an undesirable implant fracture 
complication in the clinical setting. 
The previously described mini-implant fracture study (Chapter 2) confirmed high 
variability among manufacturers. Among the six groups tested, the Unitek mini-implant had the 
highest mean torque value (72.07Ncm ± 2.7) followed by the Tomas-pin (36.12Ncm ± 3.89), 
Dual-Top (31.89Ncm ± 2.27), VectorTAS (30.79Ncm ± 0.69), OrthoEasy (27.55Ncm ± 1.02), 
and Aarhus (25.08Ncm ± 0.51) mini-implants. Despite the variation among groups, all mini-
implants evaluated were suitable for clinical use as their fracture torques exceeded the 20Ncm 
limits recommended by the manufacturers.
29-31
 
A study by Motoyoshi et al. reported a range of clinical placement torques between 
7.2Ncm to 13.5Ncm. It is important to note that these described clinical placement torque values 
were based on insertion of self-tapping mini-implants that required pre-drilling prior to 
insertion.
32
 When using self-drilling mini-implants without pre-drilling, it is expected that 
insertion torques will reach significantly higher values
23, 33, 34
 and may even approach or exceed 
the threshold torque values of some manufacturers.
11, 12, 22, 35
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An in-vitro study by Song et al. investigated the placement torques of various self-
drilling mini-implant designs on insertion into synthetic bone blocks, and found maximum 
insertion torques ranged from 20-40Ncm in 2mm thick cortical bone.
16
 Similarly, insertion 
torques ranging from 20–80Ncm were also reported by Lim et al. when self-drilling mini-
implants of varying designs were inserted into artificial bone without a pilot drill.
15
 
Since previously measured fracture torques fall within reported ranges of self-drilling 
mini-implant placement torques,
15, 16
 caution should be taken when inserting into high density 
bone. To date, there have been few studies examining the performance of self-drilling mini-
implants in areas of high bone density. As such, the purpose of this in-vitro investigation is 
comprised of two parts: 
1) To evaluate how various commonly used self-drilling mini-implants perform in high 
density mandibular bone, without pre-drilling, by determining the maximum insertion 
torques reached upon insertion into synthetic bone. 
 
2) To verify the individual manufacturers’ pre-drilling recommendations for insertion into 
high density bone. 
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3.2 MATERIALS AND METHODS: 
A total of sixty (N=10 per group) self-drilling orthodontic mini-implants from six 
international manufacturers (Aarhus
j
, Dual-Top
k
, OrthoEasy
l
, Tomas-pin
m
, Unitek
n
, and 
VectorTAS
o
) were investigated (Figure 3.1).  The characteristics of each group are summarized 
in Table 3.1.  
 
Figure 3.1 Mini-implants used in this study. From left to right: Unitek, Aarhus, OrthoEasy, 
Dual-Top, VectorTAS, Tomas-pin 
                                                 
j
 Medicon, Tuttlingen, Germany. Distributed by American Ortho 1714 Cambridge Ave., Sheboygan, WI 53082 
USA. www.americanortho.com 
k
 Jeil Medical corporation, #702, Kolon Science Valley 2
nd
,  911 Kuro-Dong 822, Kuro-ku, Seoul Korea. 
www.jeilmed.co.kr. Distributed by RMO Inc., 650 West Colfax Avenue, Denver, CO 80204 www.rmortho.com. 
l
 Forestadent, Pforzheim, Germany. SNF Forestadent. Division of Swiss NF Metals, Inc. Distributed by Forestadent 
Canada 461 Alden Rd Unit 26-27 Markham,Ont L3R 3L4. www.forestadent.com 
m
 Dentaurum, Turnstrasse 31, 75228 Ispringen, Germany; www.dentaurum.com Distributed by: DENTAURUM 
CANADA 600-525, boul. Ford Châteauguay, QC, Canada J6J 4Z2 
n
 3M Unitek - Orthodontic Products. 2724 S. Peck Road, Monrovia, CA 91016; www.3M.com 
o
 Ormco,1332 S Lone Hill Ave. Glendora, CA 91740. www.ormco.com. 
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A custom-made device for manual insertion of the mini-implants is depicted in Figure 
3.2. The head of the mini-implant being tested was engaged by its specific driver adaptor 
according to its commercial brand. The opposite end of the driver was modified to adapt to a 
custom-built chuck attached to a universal driver handle. The device incorporated a stabilizing 
bar, which was specifically designed to support the driver shaft and prevent oblique forces 
during manual screw placement. This allowed the mini-implants to be inserted vertically, without 
introducing off-axis loading along the length of the mini-implants. 
Mini-implants were inserted into artificial bone blocks
p
 (2cm x 4cm x 17cm) (Figures 
3.2, 3.3), which were composed of two material layers designed to simulate human cancellous 
and cortical bone described in the posterior interradicular sites and retromolar region of the 
mandible.
36-40
 The mechanical properties of the synthetic bone block are summarized in Table 
3.2. Mini-implant insertion sites were marked at 10mm intervals along the length of the bone 
block surface, to meet the requirements of the American Society for Testing and Materials 
(ASTM) standards.
41, 42
 Insertion sites were used solely as a visual guide for mini-implant 
insertion, and did not involve pre-drilling of the bone blocks.  
An aluminum fixture was designed to secure the synthetic bone block onto the centre of a 
multi-axis load cell
q
 for torque measurements (Figure 3.2). The load cell and associated software 
program
r
 allowed simultaneous torque and compression measurements during implant mini-
implant insertion (Figure 3.4).  
                                                 
p
Sawbones
®
- Division of Pacific Research Laboratories, Vachon Island, Wash 
q
AMTI six degrees of freedom load cell - Advanced Mechanical Technology Inc., Watertown, MA, USA 
r
 InstronWaveMatrix Software - Instron, Norwood, MA, USA 
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Type Distributor Diameter Length Alloy Shape 
Unitek 3M Unitek 1.8 mm 8 mm Ti-6Al-4V Tapered (4mm) 
Aarhus American 
Orthodontics 
1.5 mm 8 mm Ti-6Al-4V Cylindrical 
OrthoEasy Forestadent 1.7 mm 8 mm Ti-6Al-4V Cylindrical 
Dual-Top Rocky Mt. 
Orthodontics 
1.6 mm 8 mm Ti-6Al-4V Cylindrical 
VectorTas Ormco  1.4 mm 8 mm Ti-6Al-4V Cylindrical 
Tomas-pin Dentaurum 1.6 mm 8 mm Ti-6Al-4V Cylindrical 
 
Table 3.1 Description of mini-implants used in this study 
 
 
 
Table 3.2 Mechanical properties of the experimental bone block used in this study  
 
 
Synthetic layer Density Compressive (MPa) 
 (g/cc) (pcf) Strength Molulus 
Cortical bone (3mm) 1.64 102 157 1670 
Cancellous bone 0.32 20 5.4 137.0 
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Figure 3.2 Experimental apparatus used for insertion testing. 
(a) Testing apparatus used for mini-implant insertion; (b) Close-up of the 
VectorTAS mini-implant, during manual insertion, engaged by its manufacturer 
supplied driver adaptor.  Also shown are the previously inserted OrthoEasy (left) 
and VectorTAS (right) 
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Figure 3.3 Close-up photograph of the chuck, aluminum fixture, and torque sensor. 
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Figure 3.4 Computer monitor depicting the software program (Instron Wave Matrix 
Software - Instron

, Norwood, MA, USA) used for collection of the data from the 
torque sensor. Compression loads required during placement is shown on the left 
half of the screen, increasing torque is shown on the right.  
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3.2.1  Evaluating insertion torque without pre-drilling 
Mini-implants were manually inserted by a single operator (A.S.) into the bone blocks in 
a clockwise direction, with a minimum compressive load capable of inducing self-drilling and 
complete screw thread engagement. The corresponding maximum torque value reached during 
insertion was recorded in Ncm. The torque measurement device was calibrated prior to each new 
group tested.  
3.2.2  Evaluating manufacturer recommendations 
Groups that experienced fracture upon insertion into the bone blocks  
(Aarhus and Tomas-pin) underwent further testing, specifically following the manufacturer pre-
drilling recommendations. A thorough review of the manufacturer provided product literature 
was undertaken, and individual recommendations were specifically followed for mini-implant 
placement in areas of high density or thick cortical bone. 
Aarhus: “[Pre-drilling is required] in cases of very thick and dense cortical bone such as 
the retromolar region... perforating the external particularly dense layer of the cortex.”(Using 
supplied 0.9 x 4 x 22mm twist drill) (Figure 3.5) 
43
 
Tomas-pin: “If the cortical bone is thicker than 1.0mm and/or the bone is very dense and 
inelastic, [or for placement in the mandible], recommend perforating the cortical bone.” (Using 
supplied 1.1mm SD drill) (Figure 3.5)
30
 
Pre-drilling was performed to perforate the layer representing cortical bone of the 
synthetic bone block, using a motorized slow-speed hand piece with the recommended pilot 
drills held perpendicular to the surface. 
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Figure 3.5 Manufacturer supplied pilot drills used to perforate the cortical layer (Left: 
Tomas-pin-1.1 x 4mm SD Drill; Right: Aarhus- 0.9 x 4mm Twist Drill) 
 
 
 
56 
 
 
3.3 STATISTICAL ANALYSIS 
Descriptive statistics including mean value, standard deviation, and ranges were 
calculated for the six groups using the Statistical Package for Social Sciences (SPSS v.13.0)
s
. 
With significance level pre-determined at P<0.05, a one way analysis of variance (ANOVA) 
followed by post hoc Tukey’s test was used to detect significant differences between the four 
manufacturers that did not fracture during insertion. 
3.4 RESULTS 
3.4.1  Evaluating insertion torque without pre-drilling 
Individual insertion data as well as descriptive statistics (means, standard deviations 
(SD), minimum and maximum values) are summarized in Table 3.3 and Figure 3.6. Unitek, 
OrthoEasy, Dual-Top and VectorTAS experienced complete insertion into the synthetic bone 
block without any failures (Figure 3.7). Five of ten Tomas-pin mini-implants, and all ten Aarhus 
mini-implants fractured prior to full insertion into the synthetic bone blocks (Figure 3.8). Aarhus 
consistently fractured approximately 3-4mm into the threaded portion of its implant body 
whereas Tomas-pin fractured at varying levels (Figure 3.9). 
Among the four groups that did not experience fracture, the torque necessary for insertion 
into the bone blocks ranged from 13.20Ncm to 32.19Ncm. The Unitek mini-implant had the 
highest mean insertion torque value (26.86Ncm ±2.41) followed by the VectorTAS (19.04Ncm ± 
0.97), Dual-Top (17.22Ncm ± 1.93) and OrthoEasy (16.19Ncm ± 2.11). An ANOVA statistical 
analysis followed by a post Hoc Tukey’s test revealed significant differences (p<0.05) in the 
peak insertion torques between Unitek and OrthoEasy, Unitek and Dual-Top, Unitek and 
VectorTAS, and OrthoEasy and VectorTAS.  
                                                 
s
 SPSS inc., Chicago, IL, USA 
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Trial Unitek Aarhus OrthoEasy Dual-Top VectorTAS Tomas-pin 
       
1 31.83 22.33 16.98 16.14 18.49 27.17 
2 26.64 22.49 14.89 18.62 18.37 24.54 
3 24.88 23.80 14.35 16.61 18.29 31.67 
4 25.76 23.07 13.20 19.56 17.32 23.92 
5 26.37 23.25 21.00 14.93 19.55 32.19 
6 24.83 22.18 17.24 13.29 18.82 25.23 
7 26.20 22.12 16.88 17.01 20.64 29.77 
8 24.09 23.86 15.63 18.78 20.03 29.46 
9 29.63 22.70 15.59 16.89 19.49 25.65 
10 28.41 22.38 16.14 17.79 19.49 26.58 
       
Mean 26.86 22.82 16.19 17.22 19.05 27.62 
SD 2.41 0.65 2.11 1.93 0.97 2.97 
Range 24.09 - 31.83 22.12 - 23.86 13.20 - 21.00 13.29 - 19.56 17.32 - 20.64 23.92-32.19 
 
 
 
 
Table 3.3 Maximum insertion torque (Ncm) of the sixty samples tested  
Torques reached on insertion into bone blocks without pre-drilling.  
Red font Indicates mini-implants that fractured during insertion. 
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Figure 3.6 Bar graph of maximum insertion torque values reached by each manufacturer on 
insertion into bone blocks without pre-drilling. Red bars represent manufacturers 
that experienced fractures during insertion.  
* Represents non-significance; found only between Dual-Top and VectorTAS 
(P=0.168) and between OrthoEasy and Dual-Top (P=0.636). 
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Figure 3.7 Five OrthoEasy mini-implants inserted into the synthetic bone block up to the 
level of full screw thread engagement 
 
 
Figure 3.8  Five fractured Aarhus mini-implants tips embedded in the synthetic bone block. 
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Figure 3.9 Position of fracture observed on insertion without pre-drilling 
(a)Aarhus consistently fractured approximately 3-4mm into the threaded portion 
of its implant body (b) Tomas-pin fractured at varying levels. 
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3.4.2  Evaluating manufacturer recommendations 
Individual insertion data as well as descriptive statistics (means, standard deviations 
(SD), minimum and maximum values) are summarized in Table 3.4. When manufacturer’s pre-
drilling recommendations were followed, Tomas-pin experienced complete insertion into the 
pre-drilled bone block without any failures, while nine of ten Aarhus mini-implants continued to 
fracture prior to full insertion into the pre-drilled pilot holes. 
Trial Aarhus Tomas 
1 21.60 26.96 
2 21.81 26.22 
3 24.61 26.34 
4 23.99 27.19 
5 21.67 29.41 
6 21.98 24.80 
7 24.89 28.22 
8 23.69 30.08 
9 24.50 29.44 
10 23.86 29.09 
Mean 23.26 27.775 
SD 1.34 1.73 
Range 21.60 - 24.89 24.80 - 30.08 
 
Table 3.4 Maximum insertion torque (Ncm) of the twenty samples tested following 
manufacturer pre-drilling recommendations 
Red font Indicates mini-implants that fractured during insertion. 
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3.5 DISCUSSION 
Because commercially available mini-implants present in such varied shapes, design, and 
dimensions, knowledge of their mechanical performances can provide information about fracture 
risk, and improved clinical guidelines. When using drill-free mini-implants in areas of high 
density bone without pre-drilling, insertion torques may approach fracture torques.
6, 7, 13
 Due to 
the high variability of fracture torques observed between manufacturers, it is important for 
clinicians to be aware of the insertion torques reached during placement in regions of high 
density bone. Knowing and avoiding the maximum torque capacity of various mini-implants 
during insertion is critical to reduce morbidity and decrease apprehension felt by both patient and 
clinician.    
Mini-implants which describe themselves as self-drilling carry the assumption that pilot 
holes are not required prior to placement. Unfortunately, there is little information regarding 
their fracture resistance in areas of high bone density. Mini-implant insertion torque is dependent 
on various mechanical characteristics such as the density and quality of bone, the thickness of the 
cortical bone, the shape of the implant used, the thread design, cutting efficiency, and the 
insertion technique employed.
5, 7, 14, 14-18
 
The potential drawback to drill-free placement of mini-implants is the increased 
placement torque, and subsequent increased fracture risk on insertion.
22, 23, 28
 This is due to more 
intimate metal-to-bone contact, particularly in areas of high bone density such as the mandibular 
posterior region or mid-palate of an adult.To minimize the risk of fracture, some authors, as well 
as manufacturers, claim that even with self-drilling mini-implants, there might be a benefit to 
pre-drilling under certain circumstances.
4-6, 23, 30, 43
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Although many commercially available mini-implants describe themselves as self-
drilling (defined as not requiring a pilot hole), there still is great variability among manufacturers 
in their placement recommendations, particularly when dealing with areas of high bone density. 
In order to ensure standardization among manufacturer groups, and because self-drilling is the 
preferred placement method of clinicians,
2
 insertion torques in this in-vitro study were measured 
upon placement into high density bone substitute without pre-drilling. The purpose was to 
evaluate the performance of mini-implants in challenging clinical conditions without pre-drilling. 
For those mini-implants that experienced failure on insertion without pre-drilling, manufacturer 
recommendations were reassessed and closely followed to confirm their performance, as well as 
safety, in areas of high bone density. 
Synthetic bone material (Sawbone ®) was used in this study instead of cadaveric or 
animal bone substrates, since stable and homogeneous samples were necessary to ensure 
standardized and reproducible testing, thus allowing for comparisons of a large number of 
subjects. Sawbone ® and Synbone AG, are often used in hands-on courses as they are designed 
to replicate different densities of human bone and help to simulate the tactile sensation of various 
clinical scenarios. They have been used by other authors in the field of orthopaedics, dental 
implantology and studies of mini-implants as they are fabricated from a uniform material 
allowing for standardized testing, and their design conforms to Specification F1839 meeting the 
requirements of the American Society for Testing and Materials.
16, 42, 44, 45
 The main weakness of 
our in-vitro study is that it was carried out in a laboratory setting so we cannot be certain that the 
results can be translated to the clinical setting. 
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Bredbenner and Haug (2000) used orthopedic implants to compare the mechanical 
behaviour of various bone substitute materials with human cadaveric bone.
46
 In their study, 
insertion torques and pull out strength found in synthetic materials such as Sawbones® and 
Synbone AG were statistically similar to those observed in human cadaveric bone. Based on 
their findings, the authors were able to support the use of synthetic bone materials as human 
bone substitute for implant insertion torque and pull-out strength tests.  
The trabecular and cortical bone composition chosen for this study was based on 
combined data from multiple studies describing the biological properties of various human facial 
bone.
37-40,47
 Comparable compositions have been used in previous studies examining the 
biomechanical properties of bone screws.
16, 44, 48, 49
 
When considering the cortical bone thickness, a study by Ono et al. in 2008 showed that 
in cross section distal to the first molar, the average cortical bone thickness ranged from 2.10mm 
to 3.23mm.
38
 Another study by Baumgaertel and Hans in 2009 showed the cortical bone 
thickness in the mandibular molar region ranged from 2.13mm - 3.12mm.
37
 It was therefore 
decided that a cortical bone thickness of 3mm would be used for this study in an attempt to 
replicate the most challenging clinical scenario encountered intra-orally. 
The torque necessary for insertion into the non-pre-drilled bone blocks ranged from 
13.20Ncm to 32.19Ncm. Unitek, OrthoEasy, Dual-Top and VectorTAS tolerated complete 
insertion without any failures. Aarhus and Tomas pin both experienced fractures when inserted 
without a pilot hole. The fracture values obtained for Tomas-pin in this study (23.92 – 
29.77Ncm) were significantly lower than those observed in Chapter 2 (29.07 - 41.13Ncm). This 
is explained by the fact that in the present study, insertion was attempted without first drilling a 
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pilot hole. As such, Tomas-pin fractures were occurring in the more fragile tapered tip as 
opposed to within the thickest portion of the threaded body as seen in the previous study.  
Of the samples not fracturing, the Unitek mini-implant had the highest mean insertion 
torque value (26.86Ncm) followed by the VectorTAS (19.05Ncm), Dual-Top (17.22Ncm) and 
OrthoEasy (16.19Ncm). The maximum insertion torques reached are well below their 
corresponding fracture torques of 72.07Ncm, 30.79Ncm, 31.89Ncm and 27.55Ncm 
(respectively), and there was no overlap in ranges of fracture torque (see Chapter 2) with ranges 
of insertion torque for these four groups. This may indicate that they can be safely inserted into 
regions of high bone density without pre-drilling. The higher insertion torque reached by Unitek 
may be due to its 4mm tapered tip resulting in a gradual increase in diameter on insertion.  
Numerous studies have shown similar findings for tapered implants.
15, 16, 50
 
Knowledge of the information relevant to maximum torques tolerated, as well as specific 
pre-drilling instructions, should be made clear and readily accessible to clinicians in order to help 
avoid clinical failures. This information was easily available in the literature provided by all 
manufacturers tested. Although all mini-implants studied are described as “self-drilling” in 
manufacturer pamphlets and product guides, placement recommendations vary significantly 
among mini-implants, particularly on placement into areas of high bone density. 
When comparing the guidelines provided by each of the manufacturers, Unitek, Dual-
Top and VectorTAS did not indicate any need for pre-drilling, even in cases of high bone 
density.
51-53
 OrthoEasy advocated perforating the cortical bone “if the thickness of the corticalis 
is >1.5mm”.31 Since OrthoEasy did not experience any failures, and their mean insertion torque 
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(16.19Ncm) was well below their previously measured mean fracture torque (27.55Ncm), the 
authors did not feel it necessary to study this group further. 
Tomas-pin recommended using their supplied pilot drill to perforate the cortical bone, 
even for self-drilling mini-implants, particularly for placement in the mandible. When pre-
drilling recommendations were followed with regards to perforating the cortical bone, the mean 
insertion torque was 27.78Ncm (± 1.73), and all ten mini-implants inserted without fracture, 
indicating the importance of following manufacturer recommendations in order to decrease bony 
resistance and fracture risk. It is important to note however that insertion torques approached, 
and even surpassed, some of the previously recorded Tomas-pin fracture torque values found in 
this study (without pre-drilling), as well as those obtained in Chapter 2. It would thus be 
advisable to use the manufacturer provided torque controlled ratchet, even when pre-drilling, in 
areas of thick cortical bone in order to avoid coming near these aforementioned fracture torque 
values to avoid potential complications and failure. 
When analyzing the manufacturer recommendations for Aarhus, it is advised that the 
clinician pre-drill in cases of very thick and dense cortical bone such as in the retromolar region. 
An additional recommendation suggesting the use of their 2mm implant in areas with very thick 
cortical bone such as the retromolar area of the mandible is also present. However, it is unclear 
whether the pre-drilling recommendations are for the 1.5mm only or for the 2mm diameter 
implant.  
When Aarhus pre-drilling recommendations were followed, only one of the 1.5mm 
diameter mini-implant reached full insertion without failure. Therefore, the clinician should 
consider utilizing the 2.0mm diameter Aarhus mini-implants in lieu of 1.5mm in areas of thick 
67 
 
 
cortical bone. In addition, the manufacturer's pre-drilling recommendations for the use of 1.5mm 
Aarhus mini-implants in areas of thick cortical bone may need to be clarified. The 2.0mm 
diameter Aarhus mini-implant was not tested in this study. 
Despite the in-vitro nature of this study, particularly the use of artificial bone blocks 
instead of human bone, it is still believed that the mini-implants evaluated would perform in a 
similar fashion on insertion into human mandibular bone of similar density. The Tomas-pin 
mini-implant insertion torque was also tested in a previous study using fresh bovine femoral 
heads with density and cortical bone thickness closely resembling the human maxilla and 
mandible.
11
 Their results yielded similar insertion torques and fracture rates (pre-drilling: 
30.6Ncm (±5.2) (0 fractures); without pre-drilling: 33.5Ncm (±1.7) (5 fractures)) as those found 
in our study (27.28Ncm (±1.73) and 27.62Ncm (±2.97) (5 fractures)), respectively. This may 
indicate that synthetic bone substitute behaves in a similar fashion as fresh animal bone for 
biomechanical testing of mini-implants.  In the future, the present study design could be used to 
confirm the insertion torques reached and fracture resistance associated with drill-free placement 
of all above studied mini-implants in high density human cadaveric bone, as opposed to synthetic 
bone substitute. 
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3.6 CONCLUSIONS 
Because peak fracture torques vary significantly between implants from different 
manufacturers, it is important for clinicians to be aware of how their chosen self-drilling mini-
implants perform during insertion into high density bone. Within the limitations of this in-vitro 
study the mean torque necessary for insertion without pre-drilling varied significantly between 
manufacturers. Among the six groups tested, insertion torques for Unitek (26.86Ncm ± 2.41), 
VectorTAS (19.05Ncm ± 0.97), Dual-Top (17.22Ncm ± 1.93), and OrthoEasy (16.19Ncm ± 
2.11) all fell well below the ranges of their previously determined fracture torques, thus 
providing a margin of safety indicating they can be inserted into areas of thick and dense cortical 
bone without pre-drilling.  
Five of ten studied Tomas-Pin mini-implants fractured prior to full insertion into the 
synthetic bone block when the manufacturers pre-drilling recommendations were ignored. 
Further testing confirmed that they can be safely inserted so long as manufacturer pre-drilling 
recommendations are adhered to.  
The manufacturer's recommendations for the use of 1.5mm Aarhus in areas of thick 
cortical bone may need to be clarified as they continued to fracture on insertion into the synthetic 
bone blocks, even when manufacturer pre-drilling recommendations were followed. The 
clinician should consider following the alternate manufacturer recommendation utilizing the 
2.0mm diameter Aarhus mini-implants in areas of very thick cortical bone such as the retromolar 
region.  
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CHAPTER 4: SUMMARY AND CLINICAL IMPLICATIONS  
4.1 STUDY RATIONAL: 
Due to their rapidly growing presence in the orthodontic field, mini-implants have 
become an exciting and popular part of clinical orthodontics, and are among the most frequently 
discussed topics in orthodontic literature today. Currently, titanium alloy mini-implants of 1.4-
1.8mm in diameter and 6-10mm in length, are most popular in everyday clinical orthodontics.1 
Most manufacturers are promoting the advancement of self-drilling or “drill-free” designs where 
mini-implants are placed in a one step procedure eliminating the need for pre-drilling. Mini-
implants which describe themselves as self-drilling bring about the assumption that pilot holes 
are not required prior to placement. However, when manufacturer pamphlets and product guides 
are studied, it is apparent that placement recommendations vary significantly between implants.  
Even though the self-drilling insertion technique has many advantages (including: simple 
surgical procedure, reduced risks of root damage, enhanced tactile feedback, decreased bony 
damage, and superior primary stability)2-6 some authors and manufacturers claim that even with 
self-drilling mini-implants, there might be a benefit to pre-drilling under certain circumstances.1, 4 
The drawback to drill-free placement is the significantly increased placement torque on insertion, 
particularly in areas of thick cortical bone, and consequently increased fracture risk during 
insertion.2-4 
According to a 2008 American Association of Orthodontics (AAO) survey, the majority 
of orthodontists never drill a pilot hole prior to mini-implant placement, indicating a strong 
preference for the self-drilling design due to its ease of placement and greater tactile feedback.7 
With this said, nearly 10-20% of clinicians reported having experienced mini-implant fracture 
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during placement, surpassing even the rate of root damage reported at 4-6%.8-10 Implant failures 
increase office overhead and patient apprehension, as well as morbidity when fractured implant 
must be retrieved. 
Because biomechanical studies of mini-implants have shown high variability between 
manufacturers in both fracture torques and insertion torques reported,1, 11-15 it is conceivable that 
insertion torques reached upon placement into high density bone may exceed the torsional limits 
that the mini-implant can withstand.16, 17 Clinicians must be aware of the mechanical limitations 
of their preferred mini-implants to avoid inadvertent mini-implant fractures in patients. 
Understanding these limitations will drive important decisions in mini-implant placement 
location and insertion techniques employed, thereby improving clinical guidelines and 
decreasing risk of failure.  
 
The purpose of this in-vitro study was comprised of three parts: 
1) To determine the peak fracture torque values of commonly used self-drilling mini-
implants. 
2) To evaluate how various commonly used self-drilling mini-implants perform without pre-
drilling, by determining the insertion torques reached upon insertion into synthetic bone 
designed to simulate high density mandibular bone. 
3) To verify the individual manufacturers’ pre-drilling recommendations for insertion into 
high density bone. 
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4.2 FRACTURE STUDY: 
The ideal material for mini-implants should exhibit excellent corrosion resistance, 
biocompatibility and mechanical strength.15 Stainless steel implants used in the past offered high 
levels of mechanical strength, however, the excellent corrosion resistance and biocompatibility 
of titanium makes it the material of choice for mini-implants today. Pure-titanium implants 
exhibit better biocompatibility than do titanium alloys, but the microstructure of pure titanium 
leads itself to a lowered maximum torsional stress, and thus higher risk of fracture.15 It is for this 
reason that pure titanium mini-implants are no longer available1 and the majority of titanium 
mini-implants fabricated today are composed of titanium alloy (titanium grade 5, Ti-6Al-4V) 
with slightly varying percentages of titanium (Ti), vanadium (V) and aluminum (Al). Some 
manufacturers may also incorporate trace amounts of Iron (Fe), molybdenum (Mo), chromium 
(Cr), and manganese (Mn) among others.15 
The mini-implant fracture study described in (Chapter 2) confirmed high variability 
among manufacturers’ peak fracture values. Although all mini-implants tested indicate they are 
composed of surgical grade 5 titanium alloy (Ti-6Al-4V), the differences in fracture torques 
observed between these may be a result of a slight variation in alloy composition, heat treatment, 
or the machining process during fabrication.15 Among the six groups tested, the Unitek mini-
implant had the highest mean torque value (72.07Ncm ± 2.7) followed by the Tomas-pin 
(36.12Ncm ± 3.89), Dual-Top (31.89Ncm ± 2.27), VectorTAS (30.79Ncm ± 0.69), OrthoEasy 
(27.55Ncm ± 1.02), and Aarhus (25.08Ncm ± 0.51) mini-implants. The values for Tomas-pin 
showed the greatest variance in fracture torques suggesting that the composition of the titanium 
alloy may not have been as homogeneous as that of Aarhus and VectorTAS.  
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Despite the variation among groups, all mini-implants evaluated were suitable for clinical 
use as their fracture torques exceeded the 20Ncm limits recommended by the manufacturers. 
Based on the results of this in-vitro study, implant diameter only weakly correlated (R=0.450) to 
fracture resistance. Other factors inherent to each implant manufacturer, such as material 
composition and implant design may also play an important role in influencing fracture 
resistance.   
Aarhus, Dual-Top, OrthoEasy, Tomas-pin and Vector TAS are among the mini-implants 
studied previously for fracture torque and the results observed in these previous studies were 
highly comparable with the present measured data1, 13, 14 (Table 4.1) confirming the validity of our 
results.1, 13, 14 
When comparing fracture data, the unusually high Standard Deviations obtained in 
Whang et al.’s testing of the Tomas pin may have to do with the absence of a pilot hole in their 
methodology. In their study, they do not specify the height at which fracture of the mini-implants 
occurred, therefore it is possible that the data for Tomas-pin may incorporate lower fracture 
values from failures experienced at the tip.  
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Manufacturer Study Minimum: Mean: Maximum: SD: 
Aarhus Wilmes 2011 18.79 22.87 27.28 2.93 
 Smith 2012 24.20 25.08 25.71 0.51 
VectorTAS Whang 2011 - 30.80 - 0.81 
 Smith 2012 29.42 30.79 31.82 0.69 
Dual-Top Wilmes 2011 23.94 26.43 28.78 1.60 
 Whang 2011 - 29.44 - 0.61 
 Jolley 2007   28.13   29.72  32.08 1.25 
 Smith 2012 29.39 31.89 37.06 2.27 
OrthoEasy Wilmes 2011  26.65 28.22 29.45 0.70 
 Whang 2011 -   24.83 - 4.57 
 Smith 2012 26.45 27.55 29.60 1.02 
Tomas-pin Wilmes 2011 25.63 27.82 29.66 1.39 
 
Whang 2011 - 25.42 - 7.65 
 
Jolley 2007 30.39 32.44 34.46 1.11 
 
Smith 2012 29.07 36.12 41.13 3.89 
 
Table 4.1 Comparing fracture torques of corresponding manufacturers obtained by various 
in-vitro studies. 
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When evaluating height of fracture, the present study resulted in similar findings to those 
of Whang et al.,13 where all mini-implants consistently fractured within the threaded portion of 
the cylindrical body; at or within 1mm from the level of the acrylic block (Figure 2.11), rather 
than in the region of the neck or driver interface noted in a previous study.1 Depending on the 
height at which the mini-implants fractures, removal of the screw fragment embedded in the 
cortical bone can be difficult if there is little or no free end with which to grip and apply reverse 
torque for removal.  Surgical exposure of the site with a full-thickness flap must be made, and 
subsequent removal of bone around the implant using a trephine bur may be required to gain 
proper access to the fractured segment for removal.14 Because mini-implants are often placed in 
close proximity to roots at interradicular sites, roots and PDL can be damaged at time of 
removal.1, 5 In instances where the removal of the fractured tip involves risking trauma to 
surrounding vital structures, it has been recommended, due to its biocompatible nature, and may 
be more prudent to leave the fractured portion in the bone.14 
4.3 INSERTION STUDY: 
In a clinical study by Motoyoshi et al. investigating the range of mini-implant insertion 
torques observed upon placement into various intra-oral locations, mean values for tapered self-
tapping mini-implants of 8mm length and 1.6mm diameter ranged from 7.2 to 13.5Ncm.18 Upon 
calculation of their risk ratio for failure, they further recommend implant placement torque 
should remain within the range of 5 to 10Ncm. Torque values below 5Ncm resulted in 
significantly higher failure due to lack of primary stability. Initial stability is important during 
the healing and remodelling phase, specifically when there is immediate loading of the implant, 
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since any micro-movement will impede bony remodelling and healing along the bone-implant 
interface.18 
When the insertion torques exceeded 10Ncm, the resultant success rates also decreased 
significantly. Based on their findings, it seems that excessively high insertion torques may 
negatively affect long-term secondary stability by generating high level of stress resulting in 
excessive bone compression, ischemia, necrosis, and bone degeneration at the implant-tissue 
interface.19-21 It was concluded that a mini-implant placed with excessive levels of insertion 
torque would show clinically to have ample primary stability but in time would become loose 
and fail.18 
In the study evaluating mini-implant insertion into non-predrilled synthetic bone blocks 
designed to replicate human bone found in the posterior and retromolar regions of the mandible 
(chapter 3), the torque necessary for complete insertion into the bone blocks ranged from 
13.20Ncm to 32.19Ncm. The Unitek mini-implant had the highest mean insertion torque value 
(26.86Ncm ±2.41) followed by the VectorTAS (19.04Ncm ± 0.97), Dual-Top (17.22Ncm ± 1.93) 
and OrthoEasy (16.19Ncm ± 2.11). Although the insertion torque values observed are 
significantly higher than the previously recommended clinical placement values, it is important 
to note that the 2006 recommendations were based on results utilizing mini-implant designs that 
require pre-drilling prior to placement. In their methodology, Motoyoshi et al. used tapered, self-
tapping, mini-screws which required a pilot hole of 1.3mm diameter and 8mm length prior to 
insertion of all mini-screws evaluated.18 
More recently, a clinical study by Suzuki and Suzuki compared insertion torques and 
survival rates between self-drilling and pre-drilling mini-implants.6  The 280 mini-implants 
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studied were used for orthodontic anchorage purposes for an average length of 44 weeks. The 
mean self-drilling insertion torque value was reported at 14.5Ncm, with many self-drilling types 
reaching torques of over 20Ncm in areas of high bone density. It was also found that there was 
no significant difference in success rates between the pre-drilling and self-drilling groups (92.5% 
and 94.2%, respectively). Based on their findings, they conclude that for self-drilling mini-
implant designs, high insertion torques do not have a negative effect in mini-implant success.6 
The surrounding bone may react differently to high insertion torques when mini-implants are 
placed without first drilling a pilot hole since the increased bony damage, heat generation, and 
trauma induced by the act of mechanical pre-drilling is eliminated, and the inflammatory 
response may be decreased.2, 3 Future clinical studies are required to evaluate the insertion 
torques reached, and success rates of the self-drilling mini-implant types investigated in this 
study.   
4.4 SAFETY OF THE SELF-DRILLING DESIGN: 
According to a study by Barros et al,22 an important predictor for fracture risk is the 
difference between fracture torque and placement torque. Evaluating the proximity between a 
mini-implant’s placement and fracture torques will highlight the fracture risk (and thus determine 
the safety) of a given manufacturer on placement in high density bone without pre-drilling. 
When the mini-implants were inserted into the non-pre-drilled bone blocks, Unitek, OrthoEasy, 
Dual-Top and VectorTAS tolerated complete insertion without any failures. For these four 
groups, the maximum insertion torques reached fell well below their corresponding fracture 
torques (by >10Ncm), and there was no overlap in ranges of fracture torque with ranges of 
insertion torque within groups, thus providing a margin of safety for successful insertion into 
regions of high bone density without pre-drilling.  
81 
 
 
When the Aarhus and Tomas-pin mini-implants were inserted into the non-pre-drilled 
bone blocks, both experienced fractures prior to full insertion, indicating that they may be 
unsuitable for insertion into high density bone without pre-drilling. When Tomas-pin pre-drilling 
recommendations were followed with regards to perforating the cortical bone, all ten mini-
implants inserted without fracture, thus highlighting the importance of following the 
manufacturer pre-drilling recommendations in order to decrease bony resistance and fracture 
risk. It is important to note however that Tomas-pin insertion torques approached, and even 
surpassed, some of their previously reported fracture torque values. It would therefore be advised 
to use the manufacturer provided torque controlled ratchet, even when pre-drilling, in areas of 
thick cortical bone.  
The manufacturer's recommendations for the use of 1.5mm Aarhus in areas of thick 
cortical bone may need to be clarified as they continued to fracture on insertion into the synthetic 
bone blocks, even when pre-drilling recommendations were followed. The clinician should 
consider following the alternate manufacturer recommendation utilizing the 2.0mm diameter 
Aarhus mini-implants in areas of high density bone such as the retromolar region.  
4.5 WHERE WE GO FROM HERE: 
Despite the in-vitro nature of this study, particularly the use of artificial bone blocks 
instead of human bone, it is believed that the mini-implants evaluated would perform in a similar 
fashion on insertion into human mandibular bone of similar density.23, 24 In the future however, 
the overall study design could be used to evaluate the insertion torques reached and fracture 
resistance associated with drill-free placement of the above studied mini-implants in high density 
human cadaveric bone, as opposed to synthetic bone substitute. Until mini-implant performance 
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can be confirmed in human bone, we cannot be absolutely certain that the results can be 
translated to the clinical setting. If insertion torques reached in human bone are found to 
approach manufacturer fracture torques, a study to determine the optimum implant site 
preparation (such as pilot-drill diameter) for each manufacturer would be beneficial. 
Although not evaluated in the present study, there were differences observed between 
manufacturers in axial pressure required to induce thread engagement and mini-implant 
insertion. Because high axial load values are consequent to the greater effort necessary to 
accomplish initial drilling and threading, axial placement load values can be compared between 
manufacturers and can be taken as a parameter of self-drilling efficacy in human bone. 
Lastly, because one of the most commonly reported complications associated with mini-
implant placement is early screw loosening due to inadequate primary stability, the present study 
design could also be used to compare differences in primary stability (insertion torque) between 
various manufacturers in low density (i.e. poor quality or type 4) bone such as that found in the 
posterior maxilla.   
As the use of mini-implants becomes increasingly popular, there has been an increased 
focus in research on factors that contribute to their success.The wide range of reported mini-
implant failure rates suggests the need for further research to help understand and study the 
various factors associated with mini-implant failures. Future study possibilities are endless, and it 
is believed that with the use of valid and reproducible methodologies such as those used in the 
present study, a clearer understanding of the variables associated with mini-implant success will 
continue to afford improved clinical results.   
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